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INTRODUCTION
In the contemporary context, lots of factors are put into consideration when designing and selecting a viable HVAC system for various applications. Designers aim to come up with the most efficient air-conditioning system which will be appreciated from the Architectural perspective, energy consumption angle, installation aspect, indoor air quality, thermal comfort and majorly from the aspect of cost implication.
Literatures abound on the comparison of performance characteristics of different types of Air-Conditioning systems [1] [2] [3] [4] . Aynur et al. posited in their work that VRF air conditioner is noted for its high energy saving potential and is expected to conserve more energy than other conventional air conditioning systems [1] [2] . Similarly, in the works of Zhou et al. [4] , based on the generic dynamic building energy simulation environment, Energy Plus, a new VRF module was developed and the energy usage of the VRF system was investigated. They compared the energy consumption of the VRF system with that of two conventional airconditioning systems, namely, variable air volume (VAV) system as well as fan-coil plus fresh air (FPFA) system. Simulation results showed that the energy-saving potentials of the VRF system were expected to achieve 22.2% and 11.7%, compared with the VAV system and the FPFA system, respectively. As such, this paper focuses on establishing a comparative analysis between a Variable Refrigerant Flow and a Mini Split air conditioning system from the perspective of design as well as cost.
A new methodology was developed for the evaluation, comparison, ranking and optimum selection of an air conditioning system from different design options. The proposed methodology is based on Multi Attribute Decision Making (MADM) approach [5] . Pertinent attributes which describe the whole air conditioning system are identified in an exhaustive way. Investigation of the behaviour of HVAC system at "Vasile Alecsandri" National Theatre of Jassy, for different external conditions was carried out [6] . A 2D modelling of the building was done using ANSYSFluent software. The functionality of the HVAC system for winter and summer seasons was analysed for the scenarios when the entire spectacle hall was occupied taking into account the external conditions of Jassy and the indoor conditions of the theatre. The results established that the HVAC system is providing adequate conditions for both studied seasons.
Barot [7] reiterated the objectives of the HVAC system design as to providing thermal comfort, good indoor quality and energy conservation. It was noted that for some special HVAC projects, due to the specific design and control of the HVAC system, conventional settings may not be necessarily energy-efficient in daily operation. The HVAC system design and equipment selection for a commercial building (376 TR) is studied. The results of the study are efficient design of HVAC systems with minimum energy consumption and equipment selection based on operating and life cycle cost analysis.
SIMPLE INTRODUCTION OF BOTH SYSTEMS

Variable Refrigerant Flow (VRF) System
A VRF system is an air conditioning system comprising an outdoor unit containing one or more variable speed compressors (inverter or stepped), heat exchangers, accumulator, receiver, expansion device and controls, linked via a single flow and return refrigerant pipe-work system to a number of indoor units containing a fan, heat exchanger, expansion device and controls. Each system contains at least two indoor units (a system can extend to 64 indoor units) and one outdoor unit and a remote or central controller. All the indoor and outdoor units are connected via an electronic communications system and can be controlled by sophisticated software-based systems housed in the outdoor unit. The indoor units are controlled either individually or in zones with a remote or central controller which functions as a combination time clock, fan speed selector, diagnostic panel, air conditioning mode selector and temperature display unit". 
Mini Split Air-conditioning System
A conventional mini split air conditioning system comprises of an outdoor condensing unit containing a constant speed compressor, a condenser, a receiver, a fan, and controls linked via a liquid and gas refrigerant pipe-work to the indoor unit containing the fan, the cooling coil, the thermostatic expansion valve and controls. 
COMPARISON
Design Analysis
Both systems are direct expansion systems, hence the analysis of the designs followed the same trend. The procedures for accomplishing the design analysis of the two systems included: In words, the Room Transfer Function Equation says that the load for the current hour (Q o ) is a function of the heat gain for the current and preceding two hours, plus the loads for the preceding two hours. Because loads for the preceding two hours are themselves dependent on a series of heat gains for prior hours, this hour's load is really dependent on the effects of heat gains from many preceding hours.
Detailed simulations resulted in generation of both sensible and latent loads for each of the spaces, which were further used for the selection of the appropriate HVAC equipment, for the two alternate systems. Catalogues were used for selecting the equipment for the mini split air conditioning system, while Toshiba SMMS-SHRM selection module was used for selecting the equipment for the VRF air conditioning system. Detailed layout of both systems indicated that the VRF system required only four outdoor units to provide thermal comfort for the spaces served by the individual indoor units (See Fig. 1 ), while the Mini Split system requires as much outdoor units as the number of indoor units to provide thermal comfort for each of the spaces as shown in Figs. 2 -8 in the appendix section.
Engineering Economic Analysis
To select the economically sound option between the VRF and the Mini-Split systems designed for the building, an Engineering Economic Analysis was carried out using the Net Present Worth Analysis for both systems [7] . In the EEA, the following costs were taken into consideration and converted into the Net Present Worth Values for proper comparisons;  First Cost: This refers to the cost of purchasing the equipment and installing the systems i.e. all the units and piping networks.  Annual Maintenance Cost: This refers to the cost necessary to maintain the systems on an annual basis.  Annual Energy Cost: This refers to the electrical energy cost necessary to run the Air-Conditioning systems on an annual basis. This wass based on 9 hours of equipment usage on a daily basis, and 5 days on a weekly basis. The total kWhr of energy usage for both systems were computed using the electrical energy capacities of the A/C equipment selected. 
RESULTS AND DISCUSSION
Based on the design analysis carried out, the layout as shown in the appendix section indicates that the VRF system requires only four outdoor condensing units to serve all the indoor air conditioning units in the building. This system hence aesthetically improves the look of the building which is a major Architectural consideration, while the mini-split system requires a single space for each of the outdoor units which definitely requires an angle iron bracket or a condensing unit shelter for each of the outdoor units which becomes an extra consideration by the Structural Engineer and definitely comes with a cost implication.
Based on the Engineering Economic Analysis carried out on the two systems, the overall Net Present Value for the VRF system is N77,891,808.66, while that of the Mini-Split system is N46,641,828.74. This result shows that the VRF system has a higher cost implication than the Mini-Split system. Hence, in terms of cost, the Mini-Split system is a more viable option.
However, it should be noted that a number of parameters were left out of consideration during the analysis. Of utmost importance is the annual energy estimation of the VRV system at Part Load Operation which requires a detailed simulation of the electrical energy consumption with respect to the cooling load at different points in time. This simulation would have resulted in a lesser value for the electrical energy consumption as compared to the actually estimated value.
From Fig. 9 , it is observed the initial cost of the two systems are close. However, using a 15% of initial cost as annual maintenance cost builds up the maintenance cost of the VRF system over the period of time used for the analysis. The difference in the initial cost of the two systems is due largely to the newness of the VRF into the market. With time the VRF system is bound to cost less than the mini-split system as demand for the product increases.
Also as noted, the analysis of cost is based on full-load, where all the units are working at maximum capacity. However, under part-load conditions the gains of the VRF systems will be obvious. Gains such as the lower energy consumption of the outdoor unit under part-load conditions, which may bring the energy cost of the VRF system lower than that of the mini-split since most of the energy demand of the VRF is for the outdoor unit. This is due to the presence of multiple compressor and variable speed compressor that enable good part load performance permitting capacity modulation to serve 7% to 100% of the cooling or heating loads. Furthermore, the efficiency of the systems were not considered in the analysis, which will affect the performance and the energy cost over the duration of usage. The HVAC systems operation's daily time period has between 30% and 70% of the system working on maximum capacity where the VRF system efficiency is high.
Another energy gain of the VRF system has to do with its abilities to provide good zone control, saving energy and cost by not conditioning zones that are unoccupied and also providing capability to condition single zones off hours at a reasonable cost.
CONCLUSION
Technical and performance characteristics indicate that the Variable Refrigerant Flow System is a better air conditioning option than the Mini Split Air Conditioning system. However, the Economic Analysis carried out favored the Mini Split air conditioning system ahead of the VRF system. To come up with a more detailed Engineering Economic Analysis of both systems, a further research would be necessary for the estimation of the actual energy consumption of both systems as this would result in a more concise figure for the systems since energy cost is a major consideration during the actual running of the systems. Reflective Surfaces: The building is surrounded by grasses on the floor, hence a ground reflectance of 0.2 will be used.  Use of Spaces: There are five types of spaces which will be treated within the building which are; Lecture rooms, office spaces, data room, laboratories and toilets. In all, the building comprises of thirty-four spaces, each of which will be given a space tag for easy recognition. The tags given to each of the spaces is as shown in Table 1 .  Physical dimensions of the spaces: The lengths, widths, and heights of the spaces were gotten from Architectural drawings and site visits during the survey process. The drawings included the floor plans, the Sectional drawings showing interior details and the Elevation drawings. The dimensions of each of the spaces are given in Table 1 according to the space tags.  Ceiling Height: During survey, the ceiling height was gotten from Architectural drawings and site visits as shown in Table 1  Surrounding Conditions: During the survey process, the surrounding conditions of the various spaces were considered based on the activities carried out in adjacent spaces. Adjacent spaces which will not be conditioned are treated as partitions to the space.  People: This is a major source of both sensible and latent heats and will be estimated based on reasonable assumptions for each of the spaces. As the exact number of people to occupy the various spaces is not known prior to usage of the spaces, a reasonable assumption will be made which will be standardized for each of the spaces. The assumption will assume an occupancy in terms of square meters per person as given below: This has to do with the system operating schedule, which will be assumed as a common schedule for the different types of spaces based on the heat gain profile. The operating schedules to be assumed during the design phase are: i. Lecture Rooms: The schedule will be a fractional schedule for occupants as it will deal with the percentage change in the number of occupants within the space. Two hourly profiles will be used for the heat gain simulation for lighting, equipment (if any), and occupancy. The heat gain profiles are:  Weekday Profile: This profile will assume a 50% gain at 8 am, 100% gain from 9 pm to 4 pm, and a 50% gain at 5 pm. This profile will be used for computing heat gains from Monday through Friday.  Weekend profile: This will assume a 0% heat gain for all hours from Saturday through Sunday;
hence no simulation will be carried out on the Weekend. ii. Office Spaces: This will also include two heat gain profiles which are similar to that of the lecture hall. The profiles are:  Weekday Profile: This profile will assume a 50% gain at 8 am, 100% gain from 9 pm to 4 pm, and a 50% gain at 5 pm. This profile will be used for computing heat gains from Monday through Friday.  Weekend profile: This will assume a 0% heat gain for all hours from Saturday through Sunday;
hence no simulation will be carried out on the Weekend. iii. Laboratory: The profile for the laboratory will be assumed to be similar to that of the lecture hall and office spaces as the exact operating schedule of the laboratory is not yet known. The profiles are:  Weekday Profile: This profile will assume a 50% gain at 8 am, 100% gain from 9 pm to 4 pm, and a 50% gain at 5 pm. This profile will be used for computing heat gains from Monday through Friday.  Weekend profile: This will assume a 0% heat gain for all hours from Saturday through Sunday;
hence no simulation will be carried out on the Weekend. iv. Conference Room: This will also use a profile similar to that of the office spaces as given below:
 Weekday Profile: This profile will assume a 50% gain at 8 am, 100% gain from 9 pm to 4 pm, and a 50% gain at 5 pm. This profile will be used for computing heat gains from Monday through Friday.  Weekend profile: This will assume a 0% heat gain for all hours from Saturday through Sunday;
hence no simulation will be carried out on the Weekend. 
